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PI& 1.
Sehm,tk VIOWd tk LS7F (Rd. 2).

Schanstk vim oi 187P W (Rd. 2),

with thra primarytuk. wtkh rqmsmt tlw short. rmditm
md IMU tuba (- Tabk l). W tdM m intweennutd
with PLENUM amprrnmw. Thogmuphlgoftbtdwgis
-Y qu8k tb rlndhmkdr group C4antairlklgtht gr9at-
ut rrtrrnk d tuba. Tha firstcd & ath d d tuba@pa
~t Mf @f* P1.M but kluA dl of h Iw9t-trmsfer
Wrfocoam bdwanthe plawmdthotub,shat. T’ksoc-
ondwy pmmm is eartmkd by a earatant-pusur, BREAK
earnpamt inthandnm arnlirmandt lwacanduy-sidem -
tarkvdkrndntdrmdb yaFILLanpmmt and its $8S0dstorl
controtlsro

Tkmnsindu cfach~brneddd with mTEE
cornpmatts to r@msaU tk hot &gad VMVE, PUMP, d
TEE amp@mts to mpraad tk add ~. Tlm ~SUt-

izuwasrwt rnoddaducpkitfyb utwnrqramtdbya FILL
awrqumt tom&mr&t9@n8ry4y8tarr inwnt0?ydt8n&8k
awaddtmw htlmpmswrbrlwd obnrvd~ttra
t9$t. mr@praw?br lMmt,r8wlYonotwddJrirrg th8axp0r-
&lunt, Attha@l ttmvdwinthopruwk9r $rM’gcIino was
dandformlret 0ftkt01t@9rtl t@aconddrain)*tl t9mlm
●grdwldnerwm intlmpm90urix9r lmt Mngnnmt dtlw
tmndmt. TIrk~thdtltmwwst,anfbw&r tho
opr8ylirra eanndng th8b0pAe0kllqulth thopBwr-
kw! aaatnOthmww rrotara@~*waikbh
torrla4thospr8y bh@amp0mnu uewatdyo o OREAKa
mt--m-mmm~tib.
lhkpwmittdth, ~ PraWmub8mm0kd
tothopriur8ry-8yst9rn praaWWObouuodinth8Wat.
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Initially,the thro+tube SGdidnotaccountfor haattrarrs-
far ocroasthe plenumdividerPlatoand tuba sheet, ●nd m a
result overpredictedthe stsady-state rmtural-circulationflow
rate for lW% primary-aidemassinventoryby about 25% wrd
ovsrpradktadtha SG irrkt plsrrumtsmpemture. With the ●d-
ditionof plenumhasttrmafor, the natur~kircutation ftnw was
within 3% of tha observed tlow. The hot-lag-t@ertum tm
psratum drop ●nd the fluid tsmpsmturo distribution in the
primarytubesof theSG3 ww h ucdent mraementwith
the dsta (sss Fig. 6). The results for teat ST-NC-01 (5%
of seatedp4nv8r)m qually SS good (Ref. 3). Tha TRAC
results imkats that revsras flow in the long tubea doss not
fully account for thetornpmture drop from the hot kg to the
SG inlet plorrurn part of this ternpemture drop is ths raault of
hsat transfer across the plenum dividsr plsto ●nd tubsaheot.

In tsst ST-NC-02. tha transiutt consistedof ● asriaaof
dmhs~~~fitid ti~amtiwattiktid
ths prsaauro~ oochdrak romousdopprodmatoly5% of
thS-i ~~ lItSSS iftvSI’IWY.AftOJ08Chdrainthe SyG
tam was dtowod to roodl atsody-at8ta cu4wona. Although
thavohrs irtthsproasurisor aurgalinawoadoasd during the
taatoofter theaecond drdntharo werochongashthopressr4r-
iserlovdindka*thot thuewoafkw bstwsanthapf8s3wiser
●rdths~Ac old@thro@tthaapray Wm.

Initially, th TRAC modalsimulateddrdnogeof primary
fluid throughthshtdowrr lhtainthaveaaeld flow intoarrd
outoftha pmadaer byrrraanaof FILlcomponsnta ●dtab
Ulardata fw the flew rak. Whkh matchedths Saporirnsfrtsl
data. hI thk modsd ahnulation.TRAC WSS cskutatirtg both
theSyStSltlP?SSOWS ●d tha hydrodyrwtk ~ ~ the
osporimantoldat8toostabliah tkafknsboundory c0dtkma.
uairtgthiamuhod,TRAcpdktOd@rnOmr@ddropinGya-
tsmpsuauroandsmorerspidinUsaa81nbopRawfWoach
aUeOaaissdrointhanWaobOUVOd&tthodsto.TRAcolao
predktodonlnuwaaofabout40%in$Ghoat trotMfor,stoom
fkw,ondfoalmtarflo wmtheflt ataovaroldrdna.Tha
osc14aBivshaottrorlafortothaaocdOry dda~the
primorymidanddemaaad thepdmory-ddapmaurobabw
thatofthadata, Attsmp@ t@dauooasthaho9ttronaferby
rsatrktiqthaatssm orrdtiOtor Rw sndinweoaingths
aomrndsry-ddapraauro did not haw s a@dfkont ohct on
the btcreaaa in the SG haat transfer. After OSSUOIdrains,the
Systsmpressureendbop flawsCokdatd byTRACdworod
~,metly from that eftho Os@mento Md m furritu Cakulatiorra
Warerndsinthiamoda

Sltuotha sdvsinths pmsoudsuaurselkmwoadoesd
durirtgthatsot,theabrvsddrsnsao hthomnirdw Wd
Iavdhdkota dthotthssowoaflowkrthoowsyh=nndw
thekrop-Acdd kgtothomoaufhr. to~ti*.8
DREAKwmpanam wosaddadto thsosUlq WOYkmobW
wtthoprsawro tobbtlwt-tha=-o tnthianroda
d akdotbn, TMC N wkdotkw tho w~k *
mdtiomm-hti~ datotosotAlhh
thefiasvsndpmaollmboundwyomdwwro,ttwawldthot
thomornrRosowtsdIuthsw@IsuItithsBRUK wmpo=

the hydrodynamic raaponae of the systsm. ●nd this simulation
mode was uasd for the TRAC calculation. The disadvantage
of this tschnique was thst the steam mass, ●ddad to the sys-
tem through the BREAK component to maintain ths corract
prossurs. dacrea-d the net mass romovsd from the primary
systsm during eaa drain, psrtkulady the first few drains. As
a resutt, alter 14 drains onty 55% of ths primary-system mass
had baan removed (SOSTable 11).

TABLE II

PRIMARY MASS INVENTORY AS A FUNCTION
OF NUMBER OF DRAINS (TttAC)
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Figure? baplotofths bopmaaaflowsos fundonof

kwkrwi rrmaainmntwy comparinsTRAC prodktbtw wtth the
det8. The TRAC rssuttashowa mm rspid Irw008e h mass

Fowoathe Pharymoss lnvarwYkrnti roachasa
WA vdus of 15.47 irs/0, whkh is about 50% grestar than
thamosimum bop RowObOarvdhtho teat. Thepsoklbw
irrtha TRAcedalatkn sndtho6tPaccumd Otthaaama
~~ M- h-. Thsrwd4wWm Rawirrthaeu-
parimont stoppodat DPrImorr mos9ht-arY ofobout63%:
TRAc-ths bopRawto9tOpat●nMaa&worrtory
dsppraahwtoly 55%. lfthmwuo7mywe inths
Sydtsrrr itmsyhm scantodlnwt$ farthoundhbop
fkwmdoarUar tondnoth dnmroMwMbn Row. With
only ok Instr!amntod tuba, k & I@ poaobk b tiorrnlldl
Ifaomaof thonardrwtmwentdmbawuo G’tagnMtintha
tout.Anotherpodbla onpluutloa* TRW. ouoqdkting
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tlw naturskircdatiwr flow is the steam flow into tlw rwimaw

ii-m. The stcs-msddition mquirsd to msintain the pro@ sYs-
tem pressureruults in e temperatureexcursionin the cotdleg,
whichpmpsgatesthroqhout the primarysystem. In Fig. 8 it
ran h sun thst duringthe drahrperiods.TRAC predicts that
the liquid tanpereture in the upllow leg of SG A increeses.
This *at wes not econ in tha deta. Tim incrmsodterm
psmturs in the UP* kg ieedsto ● grsstsrpressurediffer-
encebetwsonthe SG pierre●nd ● greetertemperaturediffer-
ancabetwssnthe primary ●nd secondaryfluid. The result k
greaterRow in the SG tubw ●nd incrsesedSG beet trervrer.
Th;s tends to &croess tha Primery4ystwn pf08SMrS, w hidr

rquirss sdd~ional●teem Rowinto the primary atthecob!-leg
sprsyline. The TRAC irwwttorysslussrepresenttlw activoor
primary-systonrmass.

The TRAC cskuidon indicstas thst the naturd-
cirwietion flow mods in the SG tubes chmrg~dfrom singb
ptrseeto two+hess to rdfux codtt$8tion. Tim CydC fiit and
dumpmodeseenbriefly in the test as tho tubs dreind wss
not predktsd by TRAC. Ths flow in ttraSGU-tuba stoppsd
and tk roflus condermtion mode stsrtod Whsnth, tops of
tha tubescompistolywidd. TRAC prcdiited that tb flaw in
the sti tubs stoppedat ● primarymsssinwntory of about
81%. et which time r9vers9fkw in tiro ions tub changedto
flow in h forwsrddirsdom The flowstoppd in ths msdium
tubs ●t s primsrymsssinvonteryof apprrwimstsiy69%. Loop
* compktelystoppedet ● primsrymessinvsntoryof about
55%.-titi-limidH&nhhwdti U-
tube, indicatingtit reflux condsnmtionhsd kun. Vhpor
veiocitk.sindketod that tha vcddr@m mosivwlstesm from
both ths upks ●nd tha downkg of tits SG, +cirtg the com
dsnscdYspor.

Both the tits and TRAC resultsindicetethst et a pri-
mwymsss inventoryof W%, voi& wered8tatodirtths hot
lsgsertdin thsbwerpwto ftheupfkrwi qsafthsSGs. Com-
pisw condumetionoccurredin tha Iwer portufthe SGtubss.
In ths test. wids reechadthe top af tho U-tubesats messin.
ventoryof 64%. TRAC predictedthst tits U&d of * short
tubs wss compktoly widod et this primery-ti mass invom
WY ●ndflow in ths nhorttubs hsd etoppodoBoth YRAC ●nd
the dats inrlkste thst rwemsd m in ths icingtub,s moppad,
●ndnornMIflowsterted at@ massinusntoryof approaimstely
60%, The deta indicate thst et a mns inYsntoryof 75%
the &tube diffsrsntisi~UrS bacemens@iw end*II tubs$
showedferward-. At this rnsu inssntory,TRAC prsdictsd
thatthe,htwt- sndmsdiurAen@htubewemvsJd@doth?toP
oftlmlkrrdm doniyth slotutubeh. dnwmsib, lntb
tsetthsmiddIAorrgthtubsssrsthefhtw *endtith
rdIuaadsrrsation modsata messinvsntorydti7ti.
TRACpredicted dtottharnedium tubSUtititi
tubs ●nd *an the reflua wndmsstion modsstomsssie
U&tory d Shout7s%, Refiuswdendon m cantinusd
urttiltho mtsinlronto?y wesfedumdt’o~ 35%:
theprims~eide afths SGb-fl~tih ~uretod
xmatthtitimo, Thstemperaturo ofti SGtti-o
utiformutd spproltimetelYe@**~*-*rY-*
fluid.

A0thoprimsryrn89s-w-~-~*
hotiqa Wprimsfy eid@ofth SGs_y~: most

,

. ..%
—ma w ?1

Prirnary-kwpRowrate ●s a fu&tion of prbnerymassinventory
test S1-NCb2.

?ig. 8.
PrimerytarnpofotureSG A chart-tub. dsvstion 8,61 m.

(J tlm remainingmsu inwtory wee corttsinsdin theloop
usls end sued At ● rnee9imentwy of ●~imatoiy 30%,
TRAC pmdktsd sdqueta carecooli~. Duriru the neatdrain,
thswer-dthstimm~ ondhest up:
the mess imntory beiru about 27% st this tints. This is



inmdusM agrammt with h uperinmntal mstrtta CM in
Rd.4,

CONCLUSIONS
ATRAC rrdd ofttw LSTF. Mtrding ● MubQ SG nmdel,

was A to malym nsturnl-clrctdath t.ut ST-NC42. TRAC
w8ssb&to prcdktth9rrw@ pkrr@ms ttwtocarrrodi’nth
sWsdystata fofstimary m9uhwwrtomof l@%. Rsvwsa
fIowkdm ~SGtukwa pradktad, TIMcdeuI.atsd -
puatum distrkrutkm In tha SG tttbu ●nd tlw t~tum drop
frmthhot ~totho SGinhtpknurnwas inaacdlanta~
rnmt with tha data. TIM rutmkircdatkm fkJWmu hr t)m
~ ws pwdictd within 3% of that obswvd in tlw data,
Heat tmnsfcr ~ the plenum divider pl.atc and tlm tube
cktw88farml to bdrnffint Lnmwctriw thboupfkxv
mts ad twtx-t+SG-p+mum wrrpuatum drop h tha t@.
TRAC pdktiwu irtdka~ that -M flow k th, SG tuba
~ rM ftdty ~rrt for h SG Hot-pkcu.- tmpustuic
hop.

k h prinwy-syskrlr mu w dw’. ‘UC ~C-
dctdtlwpfuwmtica srdthlooplb,a, Tho AdL
tkmda BREAK cwnpmmt Gtctr9** s#rsyl&m pamnit-
tad ths system ~um to h dtrplkmd, but tim rtsm Row
into tJM add ~ wu gmatu thmr cadd h uputad b-.wsa
d- from th, pmwrizu, Thbrwdtod imtanmratuvev
awsiam, * pfopgsti throqkrt tha primwy syMw~I
bcrudng ttm lb - ●nd tit trmwhr In tha SGS. TIUC
Pm&tdddhtgsdfbw-galntktubu ot h&r@
nruymms Inwworb tlwnaasniir thotattidid notprdct
tlm cydk W ad dwnp phmmmon. TYLACwasab&to P
& tlu **M ●d Wo-phass Mturd-cirwlatiwr rnodd

d tk rdlua~tim Pkwmlon. TRAC Prdictd a
pddoop m flow at tilt mm M&u hrventofy M tha test

dJtQ but th tndmum mw W rato was ~odktcd by
~irna”dy ~. ThO com b d ~ at this tirrw, so

owpmktmdmmti is not rwKaNumtiv9.
TtM~kop fkwpmd&cmdby TRACis partisl!ytha

rautt d ths SG mo.Miq md ttw gm.ste SG Iwat tJmsfar
CJkulst.d by TRAC, Ttmm am rdrn tub Iongthc In tlm fscllity
SGS, md tlm h kI ●ny tti my kg dt17u9nt than that In
anyottmr t.ba Ttmeho&od9wba tormddthsl41U-
tuk kI ttm ROSktV SG, mquku tit ths tr& h p,ttunm
b9~bylof3bch8vb, 80daoch OWhbdravb
4assumad toomrrl nrn@ot.hsn@~. Tlw SG hut
tmnduwkuktod by TRACm,Yb, ~ **t@
mp4dtY, tht,ts damaktg ths 8Ystm mourn d b-h

dm akd.9t@d Symfn fbwl lb UpdmntJlnwnwyhsw

kbwbccmm90f drlnt Jwsyman,8MtJmti@&
by TRAC wn high buaun of tym SG Ymsttmufu.

Ttusppwmt Row~lktklMguttti oftha
141+* SG k ttm LSTF durkg W rutwd-ckdstlocr t.au
a&oaccurmd lnttm6t&SGkti~ fdNty.lt
buputsd th9tt.hkPhbmmwl Wuialso-klafuw
scdsphtm tdw IHMtshofutrmWukJM -tin
muldbpmartd wtthoutrwuwfb k’lthbfqtti.
TRACmIbo wadtovmdct M~W @mamawIlf
●armmtly dd.dldrnallbdti th@5GpfkwY ai&.
Th@dngbth*+wdk*-*~u
wfmmttmtiIbwm~N~G~~ ~,

but tha sdditiod ticus crowd by tlu b pattern should be
sddd to pdkt ttm natttmtirwlmion Rmv.

One of tha rrmst important Mutts of this mmlysis is that
TRAC prdicti tlw primary rnsss bwntory at which ink

qwtc com coding occurs. when ttrc primary mass inventory
is M&d How ●bout ~%, ttba I@Ut-pwer reds kin to
hut up.
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